Rationale: In this paper, the efficacy and safety of using navigated drilling and arthroscopy (NDA) to assist surgery for ulnarradial joint dislocation caused by epiphyseal premature closure (EPC) are described. Deformity correction surgery was mentioned in the literature, but there were numerous complications, for example, poor correction, infection, neurovascular injury, osteofascial compartment syndrome, failure of internal fixation, and nonunion after osteotomy. In order to minimize surgical complications, we utilized navigated drilling to finish accuracy bone bridge resection and applied arthroscopy to assess wrist lesions.
Introduction
Deformity healing after distal radius fracture is often attributed to instability or high loss of fixation and epiphyseal injury, a complication of distal radius fracture commonly occurring in children. [1] [2] [3] [4] The injury of distal radius epiphysis will lead to the impaired growth of radius and closure of epiphysis in early stage. [5] Normal growth of ulna and arrest of radius can cause the separation of ulnar-radial joints and the deviation of wrist joints to radial side, and they often result in pseudo Madelung deformity, which limits the rotation of wrist joint and forearm. [6] In 1935, Meyerding and Overton [7] first proposed the treatment method of corrective osteotomy. However, corrective osteotomy operation has numerous complications, for example, poor correction, infection, neurovascular injury, osteofascial compartment syndrome, failure of internal fixation, and nonunion after osteotomy. Tyler et al [8] reported that corrective osteotomy also decreases the congestion caused by excision of intra-articular lesions, thereby increasing recurrence and secondary osteoarthritis. Oberc et al [9] found the recurrence rate of the injury up to 75%.
The use of computer navigation and arthroscopy in orthopedics is now gaining popularity. Yu et al [10] verified that the computer navigated drilling method has been successfully employed to hemivertebra resection. Arthroscopy can be used to observe and assess wrist lesions. [11] [12] [13] Here, NDA was combined to improve bone bridge resection, and the subsequent growth may correct the deformity. To the best of our knowledge, there are very few studies on the combination of NDA in the treatment of EPC. 
Ethical approval

Case report
Patient characteristics
An 11-year-old male patient characterized by swelling and pain of the left wrist (Table 1) . According to physical examination, wrist deformity and radial deviation of left hand were revealed. The patient suffered a fracture of the left distal radius caused by trauma a year ago, and he underwent open reduction and Kirschner wire internal fixation surgery. According to the preoperative x-ray examination based on this admission, the distal part of the ulna is longer than that of radial (Fig. 1) . Three dimensional (3D) computed tomography (CT) scan images showed that there existed a strip-like high density area below the epiphyseal plate of the distal radius (Fig. 2) . Magnetic resonance imaging (MRI) revealed a small amount of long T1 and long T2 water-like signal in the synovial cavity of the left wrist joint (Fig. 3) . The patient was diagnosed primarily with a postoperative of Kirschner wire internal fixation for epiphyseal injury, left lower ulnar-radial joint dislocation, left wrist deformity, and EPC. 
Image acquisition.
At the beginning of the operation, a patient tracker (Stryker Leibinger GmbH & Co., Freiburg, Germany), piloted with the Navigation System II-CART II using a SpineMap 3D 2.0 software (Stryker Navigation, Kalamazoo, MI), was fixed on the left radius (Fig. 4) . C-arm tracker, patient tracker, and guide wire sleeve tracker of the system were all activated. The left upper limb of the patient was tied to the operating table with a sterile bandage (Fig. 4) . At the end of a 190°scan performed at the center of the EPC area, 3D images of the lesion were acquired. 
Surgical planning.
The navigation system presented multi-planar images of the radial epiphysis's bone bridge, helping to find the best surgery trajectory and the appropriate resection range of bone bridge (Fig. 5) . In principle, surgical approach can avoid all nerves and vessels and achieve the complete removal of the bridge.
Bone bridge resection.
Tool's Eye model was selected through the navigation system on the workstation. With the use of the infrared camera, the surgeon can accurately determine the optimal entry direction of approach. After identifying the precise approach at the dorsal side of the distal radius, the skin was incised at nearly 1-cm from its center. The infrared camera continuously updated the navigated high-speed drill position on all displayed images simultaneously, giving real-time feedback of the designed resection range and the location of the surgical instruments when the surgeon moved the navigated drill (Fig. 6 ). It is worth noting that in the process of bone bridge removal, the bit of navigated drill should be continuously washed with normal saline to cool down, so as to avoid damage of nerve caused by heat conduction. Arthroscopic was used to detect whether the bone bridge removed completely (Fig. 7) . Finally, exact closure of the wound without drainage was placed. Yu
Outcomes and follow-up
The pre-and postoperative disabilites of the arm, shoulder, and hand (DASH) score, [14] the degree of palmar flexion and dorsiflexion before and after surgery, and the degree of pronation and supination before and after operation were assessed. Also, age, sex, age at time of injures, surgery designing time, bone bridge resection time, and fluoroscopic time were assessed. Postoperative x-ray imaging, three dimensional computed tomography (3D CT) scanning, and MRI (Figs. 8-10 ) completely showed the outcome of bone bridge resection. Pain was relieved clearly in the patient. Dorsiflexion increased from 60.8°to 85.3°, palmar flexion increased from 45.3°to 65.8°, supination increased from 41.3°to 69.5°, and pronation increased from 31.6°to 62.9°at the final visit time ( Table 2 ). The preoperative DASH score was 86.1, which was increased to 16.4 postoperatively. Surgery designing lasted for 2 minutes, the bone bridge resection time lasted for 56 minutes, and the fluoroscopic time was 2.4 minutes ( Table 1) . At the fifth month of follow-up, it was found that the difference in length between radius and ulna was reduced (Fig. 8E) . Complications, for example, neurological injury, vascular injury, infection and deformity aggressive, were not found during the 5-month follow up.
Discussion
Corrective osteotomy was the primary treatment method for epiphyseal lesions. [7, 9, 15] However, there are many harmful complications. [8, 9] In recent years, arthroscopy has become more and more popular in management in orthopedic surgery because of its minimally invasive approach. [11] [12] [13] In the meantime, Figure 5 . Surgical planning. The bone bridge was marked in blue at the workstation of navigation system. computer navigation has been widely used in orthopedic surgery for preoperative design and intraoperative guidance. [10, [16] [17] [18] To improve the bone bridge resection and minimize surgical risks, the advantages of navigated drilling and arthroscopy (NDA) were combined. An 11-year-old boy with EPC underwent bone bridge resection with the assistance of NDA. Here, dorsiflexion, palmar flexion, supination, pronation, and DASH score were improved effectively without harmful clinical complications postoperatively.
In children, distal radius epiphysis injury are primarily dorsally angulated. [19, 20] The distal radius fracture of the forearm shows greater remodeling potential than the medial shaft fracture. [21] Because the distal radius growth plate accounts for 75% of the bone length, [22] with considerable potential for remodeling. Important factors affecting children's remodeling of forearm fracture also includes age and distance from growth plate. Studies have shown that children under 10 years old have the ability to Figure 6 . Clinical picture. Bone bridge resection using a high-speed drill assisted by navigation. Figure 7 . Clinical picture. Arthroscopy was used to check whether the bridge has been completely removed during surgery (red arrow). Table 2 The degrees of palmarflexion, dorsiflexion, pronation, and supination pre-and postoperative. Yu et al. 98:22 www.md-journal.com Figure 8 . Postoperative x-ray imaging 3 days (A, B) after surgery, 3 (C, D), and 5 months (E, F) follow up. The irregular density reduction area (blue arrow) below the epiphyseal plate of the left distal radius can be seen in the frontal and lateral positions. At the fifth month of follow-up, it was found that the difference in length between radius and ulna was reduced (red line). Figure 9 . Three days after surgery (A-D) and 5 months (E-H) 3D CT was scanned. The images showed that the bridge has been completely removed (green arrow) and the volume of bone defect was decreased (pink arrow). 3D = three dimensional, CT = computed tomography.
Yu et al. 98:22 Medicine correct 28°with their growth, but the ability to correct decreases when they are over 10 years old or above 28°. [23] Accordingly, many researchers believe that the timing of corrective surgery for angulation deformity should be >10 to 12 years old in children. [21, [23] [24] [25] In this paper, the 11-year-old patient only showed radial deviation deformity rather than obvious dorsal angulation deformity. Instead of osteotomy, a bone bridge resection was performed, and it was believed that the subsequent growth would correct the deformity. [26] During the follow up, good results were achieved because of the combined application of NDA.
The malunion of this case, together with the relative elongation of the ulna, led us to make a retrospective diagnosis of growth arrest in this case. Here, the patient had a history of trauma and a significant growth potential at the age of 11. Gogna et al [6] claimed that growth retardation often occurs after epiphyseal injury of distal radius in children, leading to asynchronous growth of radius and ulna. The earlier epiphyseal closure is, the more obvious the deformity is. In the normal wrist, the radius and ulna bear 82% and 18% of the axial load, respectively. When the radius is shortened by 2.5 cm, the axial load of ulna increases to 42%. [27] The shorter the radius is, the greater load on the ulna will be, which will eventually lead to the symptoms of ulnocarpal impingement. [6] This is the reason of pain in the distal radioulnar joint and restricted range of motion around the wrist in this patient.
During the removal of the bone bridge with a navigated drill, the surgical assistant felt that the skin temperature of the distal radius of the patient was very high. Although the drill has been cooled with normal saline, we analyze that the heat is generated by the high-speed rotating friction of the navigated drill. To avoid the damage of heat conduction to peripheral soft tissues, such as nerves and blood vessels, we increased the speed of saline scouring high-speed drill, and reduced the speed of drilling. No complications occurred after operation.
Despite a positive outcome has achieved for the use of the NDA in this case, several matters are still under consideration. First, certainly the operation should not be performed at an age when too little growth is left to allow correction of deformity or some gain in bone length, yet the age limits cannot be defined. Second, how large abridge may be resected with an acceptable clinical result remains unclear. A major loss of cartilage from trauma or disease probably suggests that the closure of the entire plate will be premature even if the bridge has been entirely removed. Indeed, the indications and the results of the operation were affected by the variations in the size and situation of a bone bridge causing growth disturbance and vascular problems. Third, the follow-up time was relatively short. These questions may be at least partially answered by further experimental work on animals and long-term follow-up.
Conclusions
To sum up, the bone bridge resection assisted by navigated drill and arthroscopy is a simple and highly feasible procedure for surgeons. An experience was gained that in the process of bone bridge removal, the bit of navigated drill should be continuously washed with normal saline to cool down, so as to avoid damage of nerve caused by heat conduction.
